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*------ _ _ _ _  NACA ACR No. L5A30 2 - 

the i n v e s t i g a t i o n s  p r i o r  t o  1940 was repor ted  i n  
reference 1. The da ta  presented i n  the present  r e p o r t  
a r e  an ex tens ion  of the d a t a  presented i n  reference 1 
and include the  r e s u l t s  of t e s t s  s ince  1940. A s p e c i a l  
e f f o r t  has been made t o  present  these  f ind ings  i n  8 
d e t a i l e d  manner, with the a i d  o f  sketches,  i n  order  t h a t  
t he  sources of excessive drzg could be c l e a r l y  i l l u s t r a t e d  
and methods d iscussed  f o r  t h e i r  e l imine t ion .  Because o f  
the  wide v a r i e t y  of t e s t  condi t ions,  the drag values  are  
not d i r e c t l y  comparable from one a i rF lene  t o  another  and 
these  da ta  should be considered a s  q u a l i t a t i v e  ind ica t ions  
of  good o r  undes i rab le  design p r a c t i c e .  This r e p o r t  i s  
not intended t o  be used a s  a des ign  manual but r a t h e r  t c  
i l l u s t r a t e  undesirable  design f e a t u r e s ,  

a i r p l a n e s  i n v e s t i g a t e d  was t o  eva lua te  the  drag o f  as 
many of the component items and i n s t a l l a t i o n s  a s  was 
f e a s i b l e .  This eva lua t ion  was accomplished by determining 
the  drag o f  the  a i rp l ane  i n  successive condi t ions f r o m  a 
f a i r e d  and sea l ed  smooth a i rp l ane  t o  t he  se rv ice  condition. 
If excessive drags were discovered, a t tempts  were made t o  
determine the improvements p o s s i b k  w i th in  p r a c t i c a l  
l i m i t s .  Many of  these modif icat ions i n d i c a t e d  good dzsign 
methods f @r t r e a t i n g  s i m i l a r  i tems. 

The s tandard  procedure with each of the twelve 

The d a t a  include the e f f e c t s  on the drag of an  
a i r p l a n e  of s eve ra l  internal-f low systems f o r  power-plant 
i n s t a l l a t i o n s ,  such as annular cowling i n l e t s ,  wing-duct 
i n l e t s ,  underslung fuse lage  duc ts ,  o i l  and coolant ducts,  
carbure tor  intakres, and exhaust s tacks .  The e f f e c t  on 
drag  of leakage throug> wing-fold axes, cowling-flap 
hinge-l ine gaps, landing gears,  t a i l - s u r f a c e  gaps, 
armament gaps, and cool ing-air  duc ts  i s  shown. Data a re  
a l s o  presented showing the  drag increments due t o  the  
wing-surface i r r e g u l a r i t i e s ,  t h e  arrangement o f  armament, 
t h e  shape of canopy,and the  radio-antenna i n s t a l l a t i o n .  
The ind iv idua l  drag of many of these  i tems i s  sma l l .  The 
sunn of t h e i r  d rag  e f f e c t s ,  however, w i l l  considerably 
decrease t h e  a i rp l ane  speed. The v e l o c i t y  decrements 

/ given on the  f i g u r e s  were ca l cu la t ed  f o r  the a i rp l anes  
t e s t e d  a t  t h e i r  maximum l e v e l - f l i g h t  speeds and w i l l  
become l a r g e r  as a i rp l anes  become f a s t e r .  Cer ta in  t p e s  
o f  items, such a s  c y l i n d r i c a l  p ro t rus ions  and r e f a i r e d  
bulges,  may have a grear;er drag a t  f u l l - f l i g h t  speed 
than  wind-tunnel measurement; i n d i c a t e  because o f  * 

compress ib i l i t y  e f f e c t s  w h i c h  occur a t  the higher  speeds. 
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